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A tuning fork apparatus (10) is vibrated via a coil (18) which encloses at least a portion of both tines (14, 16), 
thereby inducing mutually repulsive magnetic fields in the tines (14, 16). The coil may be elliptical in shape to 
reduce the size of the apparatus (10). A ferromagnetic housing may be located outside the coil (18) to form closed 



magnetic circuits with the tines (14,16), to increase their magnetic repulsion. The tines (14, 16) can have different 
masses, such that the more massive tine is substantially undeflected. Applications include optical fibre scanning in 
endoscopes and microscopes. 
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Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report 
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driving coil 14 receives the upper part of the tines, and where current through the coil induces repulsive 
magnetic fields in the tines, thereby oscillating the tines. However, Dl teaches an AC driving current. This is 
incompatible with the use of a varying substantially uni-directional current as per the claims (eg, lines 10-11 
of claim 1), and is moreover relatively inefficient (see page 9 lines 16-27 of the instant application). Hence the 
claims are novel and inventive over Dl. 
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(57) Abstract: A tuning fork apparatus (10) is vibrated via a 
coil (18) which encloses at least a portion of both tines (14, 16), 
thereby inducing mutually repulsive magnetic fields in the tines 
(14, 16). The coil may be elliptical in shape to reduce the size 
of the apparatus (10). A ferromagnetic housing may be located 
outside the coil (18) to form closed magnetic circuits with the 
tines (14, 16), to increase their magnetic repulsion. Hie tines 
(14, 16) can have different masses, such that die more massive 
tine is substantially undeflectecL Applications include optical 
fibre scanning in endoscopes and microscopes. 
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induced; 



- 2 - 



REPLACED BY 
ART34AM0T. 



a electrical coil for receiving at least a 



portion of both tines of said tuning fork; 

— — whereby at least one of said tines can be 

5 vibrated relative to the other of said tines by passing a 
varying current through said coil and thereby inducing 
mutually repulsive magnetic fields in said tines. 

Preferably said material is magnetically permeable, and 
10 more preferably said material is ferromagnetic. 



Thus^ although this method of vibrating the tine or tines 
may be less efficient than the existing arrangements (in 
which the magnetic fields produced by current in the 

15 electromagnets are longitudinal) ; here they are essentially 
transverse, resulting in mutual repulsion between the tines 
even in the absence of any other magnetically active 
material. Preferably the tines are vibrated at the 
resonant frequency of the tuning fork. With this 

2 0 configuration, both winding strength and packing density of 
the coil can be maximized by eliminating the need for 
windings between the tines. The winding is external to the 
fork and preferably extends over nearly the entire length 
of the fork, contributing to driving force through induced 

2 5 magnetism even in the base region where the tines are 

joined. This arrangement therefore allows the largest 
winding volume, though the winding strength is reduced 
owing to the larger diameter of the turns compared with the 
localised windings of the existing designs. However this 

3 0 is compensated by the large cross section available for the 

winding. At any point along the entire length of the fork 
the (typically coaxial) winding of the coil contributes to 
the driving force, even the region beyond the base of the 
tuning fork . 



35 



Preferably said tips of the tines protrude from the coil so 
that said at least one of said tips can vibrate by a 
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on said at least one of said tines. 

Pref rably said coil is a former-less coil. 

5 Preferably said apparatus includes a sensor to provide a 

signal indicative of the position of said at least one tine 
so that tiie tuning fork can be maintained at resonance. 

Preferably said sensor is a piexoelectric sensor, a fibre 
10 sensor system, a ball effect sensor or a series capacitive 
sensor . 



Tbe present invention also includes an endoscope, 
microscope or endomicroscope including an apparatus as - 
15 described above. 

Tbe present invention also includes a scanning bead for an 
endoscope, microscope or endomicroscope including an 
apparatus as described above. 

20 

Tbe present invention still furtber a method for 
electrically vibrating a tuning fork having a base and a 
pair of tines, said tines and having tips remote from said 
base and formed of or including material in which a 

2 5 magnetic field can be induced, said method comprising: 

locating at least a portion of said tines within 
a electrical coil; and 

passing a varying current through said coil to 
induce mutually repulsive magnetic fields in said tines and 

3 0 thereby inducing at least one of said tines to vibrated 

relative to the other of said tines. 

Preferably said material is magnetically permeable, and 
more preferably said material is f erromagnetic . 

35 

Preferably said method includes arranging said tips to 
protrude from said coil so that said at least one of said 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1 . An electrically operated tuning fork apparatus , 
comprising : ~ 

5 a tuning fork having a base and a pair of tines, 

said tines and having tips remote from said base and formed 
of or including material in which a magnetic field can be 
induced; 

a electrical coil for receiving at least a 
10 portion of both tines of said tuning fork; 

whereby at least one of said tines can be 
vibra ted relative J tLQuthe- o ther— of— said— tines~By passing a 
varying current through said coil and thereby inducing 
mutually repulsive magnetic fields in said tines. 
15 

2. An apparatus as claimed in claim 1, wherein said 
material is magnetically permeable. 

3. An apparatus as claimed in claim 1, wherein said 
2 0 material is ferromagnetic. 

4 . An apparatus as claimed in any one of the preceding 
claims, wherein said tips of the tines protrude from the 
coil so that said at least one of said tips can vibrate by 

2 5 a greater amplitude than can be accommodated by said coil. 

5 . An apparatus as claimed in any one of the preceding 
claims, wherein said coil is elliptical, with a major axis 
oriented in the plane of vibration of the tines, so that a 

3 0 reduction in the total size of the apparatus can be 

achieved . 

6 . An apparatus as claimed in any one of the preceding 
claims, wherein said apparatus includes additional 

3 5 magnetically permeable material located outside said coil 

for providing a return path for the magnetic field produced 
by said coil, and attracting said tines towards said 
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15. An endoscope, microscope or endomicroscope including 
an apparatus as claimed in any one of tlie preceding claims_. 

5 16 . A scanning head for an endoscope, microscope or 

endomicroscope including an apparatus as claimed in any one 
of claims 1 to 14 . 

17 . A method for electrically vibrating a tuning fork 
10 having a base and a pair of tines, said tines and having 

tips remote from said base and formed of or including 
mat e rial— in- whichr~a~^ magnetTi c field can be induced, said 

method comprising: 

locating at least a portion of said tines within 
15 a electrical coil; and 

passing a varying current through said coil to 

induce mutually repulsive magnetic fields in said tines and 

thereby inducing at least one of said tines to vibrated 

relative to the other of said tines. 

20 

18. A method as claimed in claims 17, wherein said 
material is magnetically permeable. 

19. A method as claimed in claims 17, wherein said 

2 5 material is ferromagnetic. 

20. A method as claimed in any one of claims 17 to 19, 
including arranging said tips to protrude from said coil so 
that said at least one of said tips can vibrate by a 

3 0 greater amplitude than can be accommodated by said coil. 

21. A method as claimed in any one of claims 17 to 20, 
wherein said coil is elliptical, with a major axis oriented 
in the plane of vibration of said at least one tine. 

35 

22. A method as claimed in any one of claims 17 to 21, 
including locating additional magnetically permeable 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/AU00/00647 



CLASSIFICATION OF SUBJECT MATTER 



Int. CI. ?: G02B 26/10, G01C 19/56 

-According to-International Patient ^ Classificatiori'(IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC: G02B, G01C 19/56, G01P 9/04 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

DWPI 

-JAPIO 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



Patent Abstracts of Japan, P-500, page 97, JP 61-102512 A (TOKYO KEIKI 

CO LTD) 21 May 1986 

Abstract 



WO 99/04301 A (OPTISCAN PTY. LTD.) 28 January 1999 
Pages 3, 6-7, Figure 1 



GB 21 14745 A (BESTOBELL (UK) LIMITED) 24 August 1983 
Whole document 



1-3, 12, 17-19, 25 
4, 6, 10, 14-16, 20, 
22, 27-29 

4, 10, 14-16, 20, 27- 
29 



6, 13-14, 22, 27-28 



□ 



Further documents are listed in the continuation of Box C 



See patent family annex 



* Special categories of cited documents: f( p, 

"A* document defining the general state of the art which is 

not considered to be of particular relevance 
"E" earlier application or patent but published on or after "X" 

the international tiling date 
"L" document which may throw doubts on priority claim(s) 

or which is cited to establish the publication date of " Y" 

another citation or other special reason (as specified) 
"O" document referring to an oral disclosure, use, 

exhibition or other means 
"P" document published prior to the international filing 
date but later than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot 
be considered novel or cannot be considered to involve an 
inventive step when the document is taken alone 
document of particular relevance; the claimed invention cannot 
be considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
20 July 2000 



Date of mailing of the international search report 

25 JUL 2000 



Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 

PO BOX 200, WODEN ACT 2606, AUSTRALIA 

E-mail address: pct@ipaustralia.gov.au 

Facsimile No. (02) 6285 3929 



Authorized officer 

MICHAEL HALL 

Telephone No : (02) 6283 2474 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



International application No. 
PCT/AU00/00647 



This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the 
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars 
which are merely given for the purpose of information. 



Patent Document Cited in Search 
Report 




Patent Family Member 




WO 9904301 AU 


83249/98 


GB 2340332 


END OF ANNEX 





Form PCT/ISA/210 (citation family annex) (July 1998) 



